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(54) Method of driving an ink jet printhead 

(57) Disclosed is a method of driving an ink jet print- 
head in which when one of piezoelectric vibrators (5) 
each associated with a pressure generating chamber 
(2), which communicatively connects to an orifice (13) 
and a reservoir (11), both being associated with the 
pressure generating chamber, is driven, the pressure 
generating chamber (2) associated with the driven pie- 
zoelectric vibrator is expanded or contracted to eject an 
ink drop through the nozzle orifice (1 3) associated with 



the driven pressure generating chamber (2). The meth- 
od incjudes.a contracting.step (f) tor ejecting an ink drop 
through the nozzle orifice (13) by contracting the pres- 
sure generating chamber (2), and an expanding step (h) 
for expanding the pressure generating chamber (2) till 
a velocity of the trailing end of the ejected ink drop is 
substantially 0 at a position near the nozzle orifice (1 3). 
The printhead ejects an ink drop of a small amount in a 
satisfactory manner. 



FIG. 3 
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D scriptlon 

[0001] The pres nt invention relates to a method of 
driving an ink jet printhead. 

[0002] An ink jet printhead is known in the art in which 
apart of a pressure generating chamber, which commu- 
nicates with a nozzle orifice for ejecting an ink drop, is 
formed with a vibration plate. The piezoelectric element 
deforms the vibration plate to pressurize ink within the 
pressure generating chamber, and to eject the ink 
through in the form of an ink drop through the nozzle 
orifice. This printhead is classified into two printheads. 
A first printhead uses a piezoelectric actuator in which 
a piezoelectric element generates a longitudinal vibra- 
tion mode in the axial direction of the actuator. A second 
printhead uses a piezoelectric actuator in which a pie- 
zoelectric element generates a flexural vibration around 
the axis. 

[0003] In the first printhead, a volume of the pressure 
generating chamber may be varied by bringing the end 
face of the piezoelectric element into contact with the 
vibrating plate. An advantage of the first printhead is that 
it can be manufactured so as to be suitable for high den- 
sity printing. This printhead suffers from the following 
disadvantage. 

[0004] It is necessary to form a piezoelectric green 
sheet into a combshape of piezoelectric elements by 
cutting in conformity with the pitches of the orifice array. 
It is further necessary to position the comb-shaped pie- 
zoelectric elements to the pressure generating cham- 
bers and fasten them thereonto. Therefore, the manu- 
facturing process of the printhead is intricate. 
[0005] The second printhead is manufactured by a 
relatively easy process of shaping a piezoelectric green 
sheet in conformity with the pressure generating cham- 
bers and pasting the thus shaped green sheet onto the 
chamber, and sintering the resultant. 
[0006] The second printhead requires a larger dis- 
placement area than that of the first printhead, and 
hence a large volume of the pressure generating cham- 
ber. As a result, an ejected ink drop is large in volume. 
In this respect, where the second printhead is used, it is 
difficult to form dots of small size, which are essential to 
graphic printing. A possible approach to solve the prob- 
lem is to reduce the amount of ejecting ink by lessening 
a displacement of the flexural type piezoelectric actua- 
tor. The approach is disadvantageous in that the ink 
ejecting pressure is low, the ink ejecting speed is low, 
the ejected ink drop lands at an incorrect position. Fur- 
ther, degradation of the print quality is noticeable partic- 
ularly in the printing of the type in which an exact dot 
printing is required, for example, graphic printing. 
[0007] To copo with this, there is propos d a drive 
m thod in JP-A-63-71355. In this method, the ink drop 
is jected from the nozzle orifice by contracting the pres- 
sure generating chamber after the ink ejection, and then 
the pressure generating chamber is expanded again to 
absorb the tail of the ink drop, whereby the ink drops 



secondarily formed are removed. However, the ink drop 
per se is not r duced in this method. 
[0008] There is another proposal (JP-A-7-76087) in 
which after expanded, the pressure generating chamber 

5 is contracted at a first contracting rate and then at a sec- 
ond contracting rate lower than the first one, to thereby 
reduce the length between the leading and trailing ends 
of the ink drop or a time difference therebetween as 
short as possible and to form spherical ink dots. 

10 [0009] A recent market trend of high definition printing 
needs ink drops of extremely small size, while high 
speed printing needs ink drops of large volume. Further, 
high speed and stable driving of the printhead is also 
desired. 

75 [0010] It is therefore the object of the present inven- 
tion to provide a method of driving an ink jet printhead 
which overcomes the drawbacks of the prior art. This 
object is solved by the method of driving an ink jet print- 
head according to independent claims 1 , 4 and 5. 

20 [0011] Further advantageous features, aspects and 
details of the invention are evident from the depend nt 
claims, the description and the drawings. The claims are 
to be understood as a first non-limiting approach to de- 
fine the invention in general terms. 

2B [001 2] This invention relates to a method of driving an 
ink jet printhead in which a part of a pressure generating 
chamber, which communicates with a nozzle orifice for 
ejecting an ink drop, is formed with a vibration plate, a 
piezoelectric layer is formed on the surface of the vibra- 

30 tion plate, and an -ink drop is ejected from the nozzle 
orifice by a displacement of the piezoelectric layer. 
[0013] The present invention provides a method of 
driving an ink jet printhead which reduces a volume of 
an ink drop without lowering traveling speed of the ink 

35 drop, and is suitable for graphic printing. 

[001 4] One aspect of the invention is a method of driv- 
ing an ink jet printhead in which when one of piezoelec- 
tric vibrators each associated with a pressure generat- 
ing chamber, which communicatively connects to an or- 

40 ifice and a reservoir, both being associated with the 
pressure generating chamber, is driven, the pressure 
generating chamber associated with the driven piezoe- 
lectric vibrator is expanded or contracted to eject an ink 
drop through the nozzle orifice associated with the driv- 

45 en pressure generating chamber The method includes: 
a contracting step for ejecting an ink drop through the 
nozzle orifice by contracting the pressure generating 
chamber; and an expanding step for expanding th 
pressure generating chamber till a velocity of the trailing 

so end of the ejected ink drop is substantially 0 at a position 
near the nozzle orrfice. 

[0015] Preferably, the pressur generating chamber 
starts to xpand b fore the ejection of an ink drop that 
is about to discharg as the result of its contraction in 
55 the contraction step is completed. Only the portion of ink 
having been about to discharge is ejected in the form of 
an ink drop. A volume of the ink drop can be controlled 
depending on an expansion start timing. 
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[0016] A preferred method of driving an ink jet print- 
head in which an expansion of the pressure generating 
chamber in the xpanding step following the contacting 
step starts after a time point where the meniscus of ink 
in the nozzle orifice starts to be deformed to form the 
leading edge of an ink drop to be ejected through the 
nozzle orifice. 

[0017] Preferably, the leading end of an ink drop is 
ejected at an instant that the pressure generating cham- 
ber starts to expand in the expanding step. 
[0018] In another preferred method of driving an ink 
jet printhead, an expansion period of the expanding step 
is no more than 1/4 Tc, wherein Tc is the Helmholtz fre- 
quency of the pressure generating chamber. This meth- 
od can most effectively hold back the retraction of the 
meniscus, which follows the ink drop ejection. 
[0019] Another aspect of the invention is a method of 
driving an inkjet printhead in which when one of piezo- 
electric vibrators each associated with a pressure gen- 
erating chamber, which communicatively connects to an 
orifice and a reservoir, both being associated with the 
pressure generating chamber, is driven, the pressure 
generating chamber associated with the driven piezoe- 
lectric vibrator is expanded or contracted to eject an ink 
drop through the nozzle orifice associated with the driv- 
en pressure generating chamber The method includes: 
a contracting step for ejecting ^ ink drop>th rough th e 
nggj^orjfjce_b y_, contractin gjhe^pressure. generating 
c hambe r; and an expanding step for expanding the 
pressure-generating chamber- at such- a timing as to re- 
duce a volume of an ink drop to be ejected for a period 
being no more than 1/4 Tc, wherein Tc is the Helmholtz 
frequency. 

[0020] Thus, the method can control a volume of an 
ink drop in a manner that the pressure generating cham- 
ber is expanded for a predetermined time period before 
the ejection of an ink drop that is about to discharge as 
the result of its contraction in the contraction step is com- 
pleted. 

[0021] It is further preferred that the method according 
to the invention is a method of driving an ink jet printhead 
which further includes a hold step, following the con- 
tracting step, for holding the contraction state of the 
pressure generating chamber for a period being no 
more than 1/3 Tc, wherein Tc is the Helmholtz frequency 
of the pressure generating chamber. This method can 
reduce the amount of an ink drop ejected by reducing 
the contraction holding period. 
[0022] Still another aspect of the invention is a method 
of driving an ink jet printhead in which when one of pie- 
zoelectric vibrators each associated with a pressure 
gen rating chamber, which communicatively connects 
to an orifice and a reservoir, both being associated with 
the pressure generating chamber, is driven, the pres- 
sure generating chamber associat d with the driven pi- 
ezo I ctric vibrator is expanded or contracted to ject 
an ink drop through the nozzle orifice associated with 
the driven pressure generating chamber. The driv 



method includ s: a contracting st p for ejecting an ink 
drop through the nozzl orifice by contracting the pres- 
sure generating chamber; a holdjstegjor holding the 
contraction state of the pressure generating chamber for 

5 a period being no more than 1/3 Tc , wherein Tc is the 
Helmholtz frequency of the pressure generating cham- 
ber; and an expa nding ste p for expanding the pressure 
generating chamber for a period being 1/4 Tc wherein 
Tc is the Helmholtz frequency ~~ 

10 [0023] Thus, the method can control a volume of an 
ink drop in a manner that the pressure generating cham- 
ber is expanded for a predetermined time period before 
the ejection of an ink drop that is about to discharge as 
the result of its contraction in the contraction step is com- 

15 pleted. 

[0024] In another preferred method according to the 
invention the holding time period of the hold step is no 
more that 3 microseconds. Thusthis method can reduce 
the amount of an ink drop ejected by reducing the hold 

20 period between the waves ol the drive signal. 

[0025] In particular, it is preferred that the holdingtime 
period of the hold step is no more that 1 microsecond. 
The ink drop ejection is stabilized and an ink drop vol- 
ume is reduced by reducing the hold time between the 

2S waves of the drive signal. 

[0026] It is preferred that the method of driving an ink 
jet printhead further includes a j3regaratGD/_slep, fol- 
lowed by the contraction step, for preparing the ejection 
of an ink drop by expanding the pressure generating 

30 chamber Thus.lhe pressure generatingchamber is ex- 
panded before the contracting step to lower the menis- 
cus level in the nozzle orifice in preparation for the ink 
drop ejection. Therefore, an ink drop of a large volume 
at high speed can be ejected. 

35 [0027] It is also preferred that an_expanding_rate in 
the expanding step i s larger tha n a contra cting rate in 
the contracting step. Thus, an expanding rate ofThe 
pressure generating chamber in the expanding step is 
increased, so that only the leading end of an ink drop 

40 which started to discharge is discharged. The result is 
to form an ink drop of a small volume. 
[0028] In another preferred method of driving an ink 
jet printhead an expansion-variation quantity in the ex- 
panding step is smaller than a contraction-variation 

45 quantity in the contracting step. Therefore, only the lead- 
ing end of an ink drop is ejected which started to dis- 
charge by expanding the pressure generating chamber 
with its expansion-variation quantity smaller than that in 
the contracting step. 

so [0029] Another aspect of the invention is a method of 
driving an ink jet printhead in which when one of piezo- 
electric vibrators each associated with a pressur gen- 
erating chamber, which communicatively connects to an 
orifice and a reservoir, both being associat d with the 

55 pressure generating chamber, is driv n, the pressure 
gen rating chamber associat d with the driven piezoe- 
lectric vibrator is expanded or contacted to eject an ink 
drop through the nozzle orifice associated with the driv- 
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n pressure generating chamber, the method compris- 
ing: a first c ontracting s tep tor ejecting an ink drop 
through a nozzle orifice by contracting a pressure gen- 
erating chamber; a fel^xpajTding step for expanding 
the pressure generating chamber tilf a velocity of the 
trailing end of the ejected ink drop is substarrtlalty-Q at 
a position near the nozzle orifice; andasecond contract* 
ing step for contracting the pressure generating cham- 
ber so as to reduce a retraction of the inkjneniscus oc- 
curring. after the expanding step is executed. Thus a 
small ink drop volume can be produced, and meniscus 
vibrations ran be suppressed which occur after the drop 
ejection impreparatK>n-f6r the next ejection of an ink 
drop. ^ — 

[0030] It is further preferred that an expansion of the 
pressure generating chamber in the first expanding step 
following the first contracting step starts after a time 
point where the meniscus of ink in the nozzle orifice 
starts to be deformed to form the leading edge of an ink 
drop to be ejected through the nozzle orifice. Thus, the 
leading end of an ink drop ejects at the start of an ex- 
pansion of the pressure generating chamber in the first 
expanding step. 

\" c [0031] Preferably, an expansion period of the first ex- 
panding step is 1/4 Tc, wherein Tc is the Helmholtz fre- 

^ quency of the pressure generating chamber. Thus, a re- 
traction of the meniscus can be suppressed effectively 
after the ink drop ejection. 

[0032] Another aspect of the invention is to provide a 
method ofdrivmg-an4nk jet printhead in whiGh -when one 
of piezoelectric vibrators each associated with a pres- 
sure generating chamber, which communicatively con- 
nects to an orifice and a reservoir, both being associated 
with the pressure generating chamber, is driven, the 
pressure generating chamber associated with the driv- 
en piezoelectric vibrator is expanded or contracted to 
eject an ink drop through the nozzle orifice associated 
with the driven pressure generating chamber, the meth- 
od comprising: a contracting' stepfor ejecting an ink drop 
through the nozzle orifice by contracting the pressure 
generating chamber; an ex panding step fo r expanding 
the pressure generating chamber at such a timing as to 
reduce_aj^cju me of an ink drop to be ejected for a period 
beingJ/4Jc^wherein Tc is the Helmholtz frequency of 
the pressure generating chamber; and, a second con- 
tracting step for contracting the generating chamber so 
as to reduce a retraction of the ink meniscus occurring 
after the expanding step is executed. Following this 
method, an ink drop of a small volume can be ejected, 
and a retraction of the meniscus can be suppressed oc- 
curring after the ink drop ejection. Stable and high speed 
ejection of an ink drop is r aliz d. 
[0033] Itisafurth rpr ferredthatam thod according 
to the invention includes a hold step, following the con- 
I ^ tracting step, for holding the contraction state of the 
pressure generating chamber for a period being no 
morethan 1/3 Tc, wherein Tc is the Helmholtz Irequ ncy. 



[0034] As a result, an ink drop of a small volume can 
be ejected. 

[0035] Still another aspect of the invention is to pro- 
vide a method of driving an ink jet printhead in which 

5 when one of piezoelectric vibrators each associated 
with a pressure generating chamber, which communi- 
catively connects to an orifice and a reservoir, both be- 
ing associated with the presure generating chamber, is 
driven, the pressure generating chamber associated 

10 with the driven piezoelectric vibrator is expanded or con- 
tracted to eject an ink drop through the nozzle orifice 
associated with the driven pressure generating cham- 
ber, the method comprising: a first contracting step for 
ejecting an ink drop through the nozzle orifice by con- 

15 tracting the pressure generating chamber; a hold step 
for holding the contraction state of the pressure gener- 
ating chamber for a period being no more than 1/3 Tc, 
wherein Tc is the Helmholtz frequency of the pressure 
generating chamber; a first e xpanding st ep for expand- 

20 jng the pressure generating/chamber for a period being 
no more than V4 T c, wherein Tc is the Helmholtz fre- 
quency of the pressure generating chamber, and a sec- 
ond contracting step for contracting the pressure g n- 
erating chamber so as to reduce a retraction of the ink 

25 meniscus occurring after the expanding step is execut- 
ed. . 

[0036] Following this preferred method, an ink drop of 
a small volume can be ejected, and a retraction of the 
meniscus can be suppressed occurring after the ink 
- 30 drop ejection.. Stable and high speed-ejection-of. an ink 
drop is realized. 

[0037] It is further preferredjhat a method according 
to the invention includes a^econd ex pandinqj step. fol- 
lowing the first expanding step; for expanding the pres - 

35 sure generating chamber so a s tcLSUPPre ss vibrations 
of the meniscus after the ink drop ejection . With this 
method, meniscus vibrations can be more effectively 
suppressed after the ink drop ejection in preparation for 
the next ink drop ejection. 

40 [0038] It is further preferred that a method according 
to the invention includes a preparatory step, followed by 
the first contraction step, for preparing the ejection of an 
ink drop by expanding the pressure generating cham- 
ber With this method, the pressure generating chamber 

45 is expanded before the contracting step to lower the me- 
niscus level in the nozzle orifice in preparatio_o _for the 
ink drop ejection. Therefore, an ink drop of a large vol- 
ume can be ejected at high speed. 
[0039] It is preferred that the second contracting step 

50 starts during a time period ranging from a time point 
where the ink meniscus starts to retract after the leading 
edge of an ink drop departs from the nozzle orifice to a 
time point where the meniscus retracts to its full d is- 
tance. With this method, a meniscus retraction can b e 

55 more effe cti vely su p pr ssed after the ink drop ejection, 
providing a stable and high spe d driving of the print- 
head. 

[0040] It is further preferred that a time period ranging 
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f rom the start of JheJirsLcontmrtinp ft * ft p tr>_tj2^^_!? f 
the second contracting stepjisnoinore t han Tc, wh rein 
Tc is thFH^mrVoItz f requency of the pressure generating 
chamber. Thus, a meniscus retraction can be more ef- 
fectively suppressed after the ink drop ejection, provid- 
ing a stable and high speed driving of the printhead. 
[0041] It is also preferred that a time period rang ing 
frpjTjjhe start of the fi r st contracting step to the start of 
t he secon d contracting step isjyjlbin Arange of the pe - 
ri od Tc of the Helmholtz fr eq uenc ^^otthe-Pxessure^gen- 
erating chamber. With this method, a meniscus retrac- 
tion can be moTe effectively suppressed after the ink 
drop ejection, providing a stable and high speed driving 
of the printhead. 

[0042] Preferably the contraction periods of the pres- 
sure generating chamber in the first and seco nd co n- 
tracting steps are eac h no more thanJ 12 Tc, wherein Tc 
Ls is thel^lmholtz frequency of the pressure generating 
)_ chamber. With this method, a meniscus retraction can 
be effectively suppressed after the ink drop ejection, 
providing a stable and high speed driving of the print- 
head. 

[0043] It is further preferred that the contraction peri- 
~T od of the pressure generating chamber in the second 
^ contract ing ste p is no more than 1/3 Tc, wherein Tc is 
the "Helmholtz frequency of the pressure generating 
chamber. With this method, a meniscus retraction can 
be more effectively suppressed after the ink drop ejec- 
tion, providing a stable and high speed driving of the 

-printheadv - - - 

[0044] It is also preferred that a time period ranging 
^ from the start of the first contracting step to the start of 
the second expanding step is no more than Tc, wherein 
Tc is the Helmholtz frequency of the pressure generating 
chamber. With this method, an ink drop of a small vol- 
ume can be ejected, 
c^j- [0045] Preferably, the expansion period of the pres- 
sure generating chamber in the secon^xp^nding step 
is no more tha n 1/2 T c, wherein Tc is the Helmholtz f re- 
quency of the pressure generating chamber Thus, an 
t ink drop of a small volume can be ejected. 
j- [0046] It is also preferred that a time period from ap- 
plication of a drive signal in the first contracting step to 
application of the drive signal in the second expanding 
step is no more than Tc, wherein Tc is the Helmholtz 
frequency of the pressure generating chamber. With this 
method, an ink drop of a small volume can be efficiently 
ejected. 

[0047]. The above mentioned and other features of the 
present invention and the invention itself will be better 
understood by reference to the following detailed de- 
scription of preferred embodiments of the inv ntion, 
wh n consider d in conjunction with the accompanying 
drawings, in which: 

[0048] Fig. 1 is a block diagram showing an overall 
system of an ink jet printhead which is an embodiment 
1 of the pre s nt invention. 

[0049] Fig. 2 is a block diagram showing a circuit ar- 
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rangement of the ink jet printhead of th embodiment 1 , 
[0050] Fig. 3 is a cross sectional view showing th ink 
jet printhead of the embodiment 1 . 
[0051] Fig. 4 is a waveform diagram showing a set of 
5 waveforms of signals at key portions in the ink jet print- 
head, and a waveform of a drive signal used in the print- 
head. 

[0052] Fig. 5 is a diagram showing a transient process 
of the ink drop ejection. 
io [0053] Fig. 6 shows another drive signal waveform 
adaptable for the embodiment 1 . 
[0054] Fig. 7 shows a drive signal waveform forming 
an embodiment 2. 

[0055] Fig. 8 shows another drive signal waveform 
15 forming an embodiment 2. 

[0056] Fig. 9 shows a drive signal waveform forming 
an embodiment 3. 

[0057] Fig. 1 0 shows a drive signal waveform forming 
an embodiment 4. 
20 [0058] Fig. 1 1 shows a drive signal waveform forming 
an embodiment 5. 

[0059] Fig. 1 2 shows a drive signal waveform forming 
an embodiment 6. 

[0060] Fig. 1 3 shows a drive signal waveform forming 
25 ah embodiment 7. 

[0061] Fig. 1 4 shows a drive signal waveform forming 
an embodiment 8. 

[0062] Fig. 1 5 is a cross sectional view showing th 
ink jet printhead of another embodiment. 

30 {0063] - -Fig,. 1-6 is a cross sectional view showing .Jhe 
ink jet printhead of yet another embodiment. 
[0064] Fig. 17 shows a first drive signal waveform 
forming the Fig. 16 embodiment. 
[0065] Fig. 1 8 shows a second drive signal waveform 

35 forming the Fig. 16 embodiment. 

[0066] Fig. 19 shows a third drive signal waveform 
forming the Fig. 16 embodiment. 
[0067] Fig. 20 shows a fourth drive signal waveform 
forming the Fig. 16 embodiment. 

40 [0068] Fig, 21 shows a fifth drive signal waveform 
forming the Fig. 16 embodiment. 
[0069] Fig. 22 shows a sixth drive signal waveform 
- forming the Fig, 16 embodiment. 
[0070] Fig. 23 shows a seventh drive signal waveform 

45 forming the Fig. 16 embodiment. 

[0071] Fig. 24 shows an eighth drive signal waveform 
forming the Fig. 16 embodiment. 
[0072] Fig. 25 shows a ninth drive signal waveform 
forming the Fig. 16 embodiment. 

50 [0073] Fig. 1 is a block diagram showing an overall 
system of an ink jet printhead which is constructed ac- 
cording to th present invention. As shown, the print- 
head is made up of a print controller 101 and a print 
engine 102. 

55 [0074] The print controll r 101 includes an external in- 
terface (external l/F) 103, a RAM 104 for temporarily 
storing various data, a ROM 1 05 for storing for example, 
control programs, a control portion 106 including mainly 
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a CPU, an oscillator circuit 107 for generating a clock 
signal, a drive signal generating circuit 109 for generat- 
ing a drive signal for transmission to an ink jet printhead 
108, and an internal interface (referred to as an internal 
l/F) 1 1 0 for transmitting dot pattern data (bit map data), 
which is based on the drive signal and print data, to the 
print engine 102. 

[0075] The external l/F 103 receives print data con- 
sisting of character codes, graphic functions, image da- 
ta and others from a host computer (not shown). The 
print controller outputs a busy signal, an acknowledge 
signal and others to the host computer, for example, by 
way the external l/F 103. 

[0076] The RAM 1 04 serves as a receiving buffer 111, 
an intermediate buffer 112, an output buffer 113, and a 
work memory (not shown). The receiving buffer 1 1 1 tem- 
porarily stores print data received through the external 
l/F 1 03; the intermediate buffer 112 stores intermediate 
code data that is converted by the control portion 106; 
and the output buffer 113 stores dot pattern. The dot pat- 
tern data consists of print data that results from decod- 
ing (translating) tone data. The print data is represented 
by a 4-bit signal as will subsequently be described. 
[0077] The ROM 105 stores at least font data and 
graphic data, in addition to control programs (control 
routines) for processing various data. 
[0078] The control portion 106 reads out print data 
from the receiving buffer 111, and loads intermediate 
code data, which results from the conversion of the re- 
adout print data, into4he intermediate buffer 112. The 
control portion analyzes the intermediate code data 
read out of the intermediate buffer 112, and develops 
the intermediate code data into dot pattern data while 
referring to the font data, graphic data and others that 
are stored in the ROM 105. The control portion 106 ex- 
ecutes necessary modifying processes on the devel- 
oped dot pattern data, and then stores the resultant into 
the output buffer 113. 

[0079] When the print controller has acquired dot pat- 
tern data corresponding in amount to one line of the ink 
jet printhead 108, the dot pattern data of one line is out- 
put to the ink jet printhead 108 through the internal l/F 
110. When the data. pattern data of one line is output 
from thejoutput buffer 113, the intermediate code data 
already developed is deleted from the intermediate buff- 
er 112, and the control portion develops the next inter- 
mediate code data. 

[0080] The print engine 102 includes the ink jet print- 
head 108, a paper feeding mechanism 114, and a car- 
riage mechanism 115. 

[0081] The paper feeding mechanism 114 includes at 
least a paper feeding motor and paper feeding roll rs. 
The paper feeding mechanism successively feeds print- 
ing media, e.g., printing papers, to an appropriate loca- 
tion in synchronism with a printing operation of the ink 
jet printhead 108. The paper feeding mechanism 114 
relatively moves a printing medium in the vertical scan 
direction. 
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[0082] The carriage mechanism 115 includes a car- 
riage capabl of carrying the ink jet printhead 1 08 ther- 
eon and a carriage drive unit for driving and moving the 
carriage in the main or horizontal scan direction. The 
s carriage drive unit may take any form of mechanism if it 
is capable of moving the carriage. An example of a car- 
riage drive mechanism using a timing belt may be pre- 
sented. 

[0083] The ink jet printhead 108 includes a number of 
10 nozzle orifices arrayed in the vertical.scan direction, and 
ejects ink drops at the timings determined by dot pattern 
data, for example. 

[0084] Description of the details of the ink jet print- 
head 108 will given hereunder. A mechanical arrange- 

1$ ment of the ink jet printhead 108 will be described with 
reference to Fig. 3 showing its key portion. 
[0085] A spacer 1, which serves as a substrate for 
forming a pressure generating chamber is a ceramic 
plate made of zirconia (Zr0 2 ), about 50jim thick. 

20 Through-holes to be used for pressure generating 
chambers 2 are formed in the spacer. 
[0086] One of the broad surfaces of the spacer 1 is 
sealingly covered with an elastic plate 3 formed with a 
zirconia thin plate of 10|im thick. A lower electrode 4 is 

2S formed over the surface of the elastic plate 3. Piezoe- 
lectric layers 5 are fastened onto the lower electrod 4. 
Piezoelectric layers 5 are provided in association with 
the pressure generating chambers 2, respectively. Th 
piezoelectric layers 5 are formed by sticking green 

30 sheets made of piezoelectric material onto the -lower 
electrodes, sputtering piezoelectric material thereonto, 
or another proper manner. Upper electrodes 6 are 
formed on the surfaces of the piezoelectric layers 5, re- 
spectively. When voltage is applied, in accordance with 

35 print data, to between the lower electrode 4 and the up- 
per electrode 6, which is layered on the piezoelectric lay- 
. er associated with each pressure generating chamber 
2, the piezoelectric layer 5 is flexurally deformed, togeth- 
er with the elastic plate 3. 

40 [0087] The other broad surface of the spacer 1 is seal- 
ingly covered with an ink-supplying-port forming sub- 
strate 7 formed with a zirconia thin plate of 1 50um Noz- 
zle communicating holes 8 and ink supplying ports 9 are 
formed in the ink-supplying-port forming substrate 7. 

45 The nozzle communicating holes 8 communicatively in- 
terconnect orifices in a nozzle plate 1 4 and the pressure 
generating chambers 2, respectively. The ink supplying 
ports 9 communicatively interconnect reservoirs 11 to 
be described later and the pressure generating cham- 

so bers 2, respectively. 

[0068] A reservoir forming plate 10 may be an anti- 
corrosion plat member of stainless, 150(im thick, suit- 
able for forming ink passages therein. The reservoirs 11 
and nozzl communicating holes 12 communicating 

55 with orifices 13 to be described later are formed in the 
reservoir forming plate 10. The side of the reservoir 
forming plate 10, opposite to a region including the spac- 
er 1 , is sealingly covered with the nozzle plate 14 with 



EP 0 947 325 A1 



11 



EP 0 947 325 A1 



12 



the orifices 1 3 formed therein. The orifices 1 3 of the noz- 
zle plate are arrayed at the same pitches as the pr ssure 
generating chambers 2. 

[0089] The ceramic members are layered into a uni- 
tary form, and sintered. The reservoir forming plate 10 
and the nozzle plate 14 are firmly connected together 
with adhesive layers 15 and 16. The reservoir forming 
plate 10 and the nozzle plate 14 may also be made of 
ceramic material and formed into a unitary form. 
[0090] In the ink jet printhead 108 thus constructed, 
the pressure generating chambers 2, respectively, con- 
front piezoelectric elements 1 8 each operating in a flex- 
ural vibration mode. Electrical signals, such as a drive 
signal (com) and print data signals (which will be de- 
scribed later), are suppliedtothe piezoelectric elements 
18 by way of a flexible cable (not shown). 
[0091] In the ink jet printhead 108 ; when charged, the 
piezoelectric element 18 is downwardly curved and the 
pressure generating chamber 2 associated therewith 
contracts. With the contraction, an ink pressure increas- 
es within the pressure generating chamber 2. When dis- 
charged, the piezoelectric element 1 8 is released from 
its flexural deformation and the contracted pressure 
generating chamber 2 expands. With the expansion of 
the pressure generating chamber, ink flows from its re- 
lated reservoir 11 into the related pressure generating 
chamber 2 by way of the related ink supplying port 9. 
Thus, the volume of the pressure generating chamber 
2 is varied by charging and discharging the piezoelectric 
element 1 8 -Therefore, an ink drep-of desired size may 
be ejected from a desired orifice 1 3 by controlling the 
charging and discharging operations to and from the pi- 
ezoelectric elements 18. 

[0092] Next, an electrical arrangement of the ink jet 
printhead 108 will be described. As shown in Fig. 1 , the 
ink jet printhead 1 08 includes at least a shift register 141, 
a latch circuit 142, a level shifter 143, a switch 144, and 
a piezoelectric element 18. As shown in Fig. 2, the shift 
register 147, the latch circuit 142, the level shifter 143, 
the switch 144 and the piezoelectric element 18, respec- 
tively, consist of shift register elements 141 A to 141N, 
latch elements 142Ato 142N, level shift elements 143A 
to 143N : switch elements 144A to 144N, and piezoelec- 
tric elements 18Ato 1 8N. The shilt register 141 , the latch 
circuit 142, the level shifter 143, the switch 144 and the 
piezoelectric element 18 are electrically connected in 
this order. 

[0093] The shift register 141 , the latch circuit 142, the 
level shifter 143 and the switch 144 cooperate to gen- 
erate a drive pulse signal, in response to a drive signal 
produced by the drive signal generating circuit 109. 
Her , the 'drive pulse signal" is a pulse signal actually 
applied to the piezoel ctric element 1 8. The "driv sig- 
nal" consists of a series of pulses (original drive pulse 
signal) d fined by an original waveform, which ar nec- 
essary for g nerating th drive pulse signal. The switch 
144 functions also as switching means. 
[0094] In the electrical arrangement of the inkjet print- 



head 108, print data SI forming dot pattern data is seri- 
ally transferred from the output buffer 113 to the shift 
register 141 in synchronism with a clock signal CK that 
is output from the oscillator circuit 107, and successively 

5 set in the shift register. The most significant bits (MSBs) 
of the print data on the entire orifices 13 are serially 
transferred to the shift register. When the transfer of the 
MSBs is completed, then the second bits counted from 
the MSBs are transferred to the same, and so on. 

10 [0095] In this way, those bits of the print data on all 
the nozzles have been transferred and set in the shift 
register elements 1 41 A to 1 41 N. Following this, the con- 
trol portion 1 06 outputs a latch signal LAT for transfer to 
the latch circuit 142 at a given timing. The latch signal 

is causes the latch circuit 142 to latch therein the print data 
from the shift register 141 . The print data LATout output 
from the latch circuit 1 42 is output to the level shifter 1 43 
taking the form of a voltage amplifier. If the incoming 
print data is, for example, M 1 the level shifter 143 pulls 

20 up the print data to a voltage value, e.g., several tens V, 
high enough to drive the switch 144. The print data in- 
creased in its voltage is then applied to the switch ele- 
ments 1 44A to 1 44N, and causes those switch elements 
to turn on. 

25 [0096] The switch elements 1 44A to 1 44N have also 
received a basic drive signal COM from the drive signal 
generating circuit 1 09. When those switch elements are 
placed in an ON state, a drive signal COMout is applied 
to the piezoelectric elements 18Ato 18N coupled for re- 
. 30.. . ception with the -switch-elementS-1 44A to 144fsL 

[0097] Thus, the ink jet printhead 1 08 permits a drive 
signal to go to or inhibits jt from going to the piezoelectric 
element 18 in accordance with the print data. During a 
period where the print data is n 1 B , the switch 144 is 

35 placed to an ON state by a latch signal LAT In this state, 
the printhead permits a drive signal COMout to go to the 
piezoelectric element 18, The drive signal COMout flex- 
urally deforms the piezoelectric element 18. During a 
period where the print data is - 0, the switch 1 44 is placed 

40 to an OFF state, and the printhead inhibits the drive sig- 
nal COMout from going to the piezoelectric element 18. 
During this period of the print data of n 0 u , the piezoelec- 
tric element 18 holds the preceding charge, and hence 
the piezoelectric element maintains its preceding dis- 

45 placement. 

[0098] A waveform of the drive signal COMout is typ- 
ically illustrated in Fig. 4B. This waveform of the drive 
signal is suitable for causing the printhead to eject a less 
volume of an ink drop. As shown in Fig. 4, the waveform 

so of the drive signal includes a first hold region a for hold- 
ing the most contracted state of the pressure generating 
chamber 2. 1 n this region, the voltage b t ween th lower 
I ctrode 4 and the upper el ctrodes 6 is kept at the 
highest voltage VH, for example, approximat ly 30V. In 

55 a pre paratory expansion region b, which follows the first 
hold region a the meniscus s urface is maxim umly 
moved to the pressure gen ratingchambeTS within the 
nozzle orifice 1 3. To this end, the voltage applied to be- 
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tween the upper and lower electrodes is deer ased to 
the lowest voltage VL or therearound. A second hold r - 
gion c, which follows the preparatory expansion region 
b, times the ejection of an ink drop while holding the low- 
est voltage state. A first contraction region d follows the s 
second hold region c. In this region d, to eject an ink 
drop, the voltage of the drive signal COMout is in- 
creased again to the highest voltage VH to contract the 
pressure generating chamber 2. 

[0099] A third hold region e of which the width is ex- io 
tremely short or approximately 0, follows the first con- 
traction region d, and is followed by a first expansion 
region]. The first expansion region] starts form a time 
point where middle of the meniscus surface level rises 
and formation of the leading part of an ink drop starts, is 
In the first expansion region], the outer peripheral edge 
part 201b of the ink within the nozzle orifice, which is 
about to discharge as the result of the process by the 
first contraction region d, is pulled to the pressure gen- 
erating chamber, while only the central part 201 a of the 20 
ink is ejected out of the orifice in the form of an ink drop 
being smaller in diameter than the nozzle orifice (Fig. 
5). A transient process of the ink drop ejection is as 
shown in Figs. 5A1 to 5A3. 

[0100] This phenomenon is caused when the ink me- 2s 
niscus vibrates in a higher order mode in the first expan- 
sion region f when the voltage variation is steep. The 
vibration mode of the meniscus is a called third order 
vibration mode in which the ejection velocity of the cen- 
tral part 201a JittJe varies-whife the ejecting velocity of - -30. 
the outer peripheral edge of the ink greatly varies in the 
opposite direction to the ink ejection direction. 
[0101] The timing of applying the drive signal for form- 
ing the first expansion region] is determined by a time 
duration of the third hold region e. In tlTeJir^t^QDlrac^on 35 
region, d. ink 202 being about to diftr.harge f rorn thft or. 
i f ice 1 3 begins to form a meniscus^ its leading edge (Fig. 
5A1); and the ink 202 is elongated in shape from the 
meniscus (Fig. 5B). It is preferable to apply the drive 
signal to the piezoelectric element during a time period 40 
from the ink elongation state (Fig. 5B) till an average 
velocity of ink ejection reaches zero (0) at a position 
202a near to the orifice surface. If so done, the ejected 
ink drop is reduced in size. 

[01 02] To eject an ink drop of a small volume, it is pref- 45 
erable that the first expansion rAginn f is timed so as to 
reduce the volume of an ink drop to be ejected, and an 
expansion period T, of the first expansion region f is no 
moretha nlMTc , wherein Tc is the Helmholtz frequency. 
[0103] Further, it is preferable that the time period T 2 so 
of the third hojaLrfiQion e is selected to be 1/2 o f the pe- 
riod Tc of the Helmholtz frequency. Specifically, the time 
period of th third hold region _ is pr ferably no more 
than 3 microseconds, more preferably no more than 1 
micros cond, viz., approximately 0. If so select d, a ss 
small ink drop can be ej cted stably. 
[0104] Thus, the condition for ejecting the ink drop of 
a small volume depends on the contrjctjnarate,and the 



14 




c ontraction-variat ion quantity in the first contraction re 
gion and th x gandin o-rale and the expansion-varia 
tionquantity in the first expansion region]. In this case 
it is preferable that the expanding rate in the first expan 
sion region] is larger than the contracting rate in the first 
contraction region d, and that the expansion-variatio n 
q uantity in the first expansion region f is equal to or 
smallerthan the contraction-variation quantity in the first \y / . / 
contraction region d. Following to the first expansion re- v-/^ V;'. 
gion f, there are a fourth hold region g and a second 
contraction region h wherein the voltage changes from / 
the intermediate voltage to the maximum voltage of ( 
which variation quantity is smaller than that of the first 
contraction region d. With provision of the fourth hold 
region g and the second contraction region h^ damping 
g_a_great vibration of the meniscus after the ink drop 
ejectio n is a djusted . Anotheqrieniscus vibration damp- 
ing process is shown in Fig.jSMs shown : a hold region 
J, a second contract ionTegion h and a third contraction 
region m may be provided subsequent to the fourth hold 
region £. The _yibration damping process is noLa Jways 
required. 

[0105] As described above, the drive signal having 
the thus configured waveform causes the printhead to 
eject an ink drop of an extremely small volume, and th 
ink drop volume is determined by the timing of setting 
up the first expansion region] and an expansion-varia- 
tion quantity of the same region. 
[0106] While the drive signal waveform described 
above is trapezoidal in . the above=embodiment, it . may 
be rectangular. The waveform of the drive signal shown 
in Fig. 4B, even if the first expansion region] is removed 
therefrom, can produce a relatively small ink drop vol- 
ume. It is evident that the drive signal may take any other 
suitable waveform. 

[0107] (^FigJ^hows another waveform of a drive sig- 
nal which constitutes an embodiment 2 of the present 
invention. 

[0108] A waveform of the drive signal, which is con- 
figured according to the embodiment 2 of the invention, 
produces.a relatively large drop volume, when compar- 
ing with the drive signal waveform (Fig. 4B) of the em- 
bodiment 1 . A volume of the pressure generating cham- 
ber 2 when it is contracted in a first hold region a1 is 
smaller than that of the Fig. 4B case. Accordingly, a 
quantity of a movement of the meniscus surface within 
the nozzle orifice 13 when it is pulled to the pressure 
generating chamber 2 in a preparatory expansion region 
bl is smaller than that of the Fig. 4B case, and a volume 
of an ink drop ejected in the first contraction regiojTjs 
relatively larger than that in the Fig. 4B case, ^jg? 6 ^ 
shows another drive signal waveform which is config^ 
ured exclusive of the first hold region a and the pr par- 
atory expansion r gion b in Fig. 4B. The Fig. 8 waveform 
produces a large ink drop volume. 
[01 09] In either waveform, the first contraction region 
d is followed by the third hold region e and th first ex- 
pansion region]. Where those waveforms are used, the 
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printhead ejects a small ink drop volume at high speed 
than the printhead driven by a drive signal of which the 
waveform does not include the first expansion region]. 
[0110] A^hiv^si§a^l waveform configured according 
to an embodiment 3 ontoe invention is shown in Fig. 9. s 
[0111] f T he Fig. 9 waveform of the drive signal is suit - 
a ble forVoducinq a sural ler ink drop volume. In the drive 
signal waveform, a preparatory- hold region aO and a 
preparatory con traction region dO are located preceding 
to the first hold region a. To be more specific, the drive io 
signal waveform of the embodiment 3 includes the pre- 
paratory hold region aO in which before the printhead is 
placed in a printing state, the voltage applied to between 
the lower electrode 4 and the upper electrodes 6 is gen- 
tly increased from 0V to a second intermediate voltage is 
VM2, e.g., about 15V, and holds its voltage state. Under 
this condition, the pressure generating chamber 2 takes 
a medium state, which is between the most contracted 
state and the most expanded state, and holds the me- 
dium state. The drive signal starts at the second inter- 20 
mediate voltage VM2, and as will be described later, dur- 
ing printing, its voltage is varied to a given voltage as 
required, and after the printing operation ends, the volt- 
age of the drive signal is decreased from the second 
intermediate voltage VM2 to 0V. 25 
[0112] In the preparatory contraction region dO of the 
drive signal waveform, the voltage applied to between 
the upper and lower electrodes is increased to the high- 
est voltage VH, e.g., about 30V, The first hold region a 
follows the preparatory contraction regiorTdO.- In mis re- 30 
gion a, the pressure generating chamber 2 holds -the 
most contracted state. 

[0113] The drive signal waveform includes a prepar- 
atory expansion region b. In this region, the voltage ap- 
plied to between the electodes is decreased to the low- 35 
est voltage VL, and the me niscus surface is maximumly 
pulled to the pres sure generating tfamh^ro within the 
nozzle orifice 13. A second hold region and a first con- 
traction region dl follow the preparatory expansion re- 
gion b. The second hold region c times the ejection of 40 
an ink drop while holding the lowest voltage state. In the 
first contraction region dl, to eject an ink drop, the drive 
signal voltage is increased to a first intermediate voltage 
VM1 to contract the pressure generating chamber 2. 
The first intermediate voltage VM1 is between a second 4S 
intermediate voltage VM2 and the highest voltage VH. 
[01 14] As in the embodiment 1 , third hold region e of 
which the width jg exjremely short dTappf5x jTOle|y_fl, 
' follows the first contraction reglondTand is followed by 
a first expansion region]. In the first expansion region so 
f, the outer peripheral edge part 201b (Fig. 5) of the ink 
within the nozzle orifice, which is about to discharge as 
the result of the process by the first contraction region 
d1 is pulled to th pr ssure generating chamber, while 
only th central part 201a of the ink is ejected out of the ss 
orifice in the form of an ink drop being smaller in diam- 
eter than the nozzle orifice. 

[0115] The condition for ejecting the ink drop of a 



small volume is as already stated. As recalled, the ex- 
pansion-variation quantity in the first expansion region 
f is equal to or smaller than the contraction-variation 
quantity in the first contraction region dl. Therefore, in 
this embodiment, the voltage applied to between the 
electrodes, or the drive signaJ-voltager is-decreased to 
a third intermediate volta^eVM3 of about SVjfo j: exam- 
ple, which is between the'secondTntermediate voltage 
VM2 and the lowest voltage VL, whereby the pressure 
generating chamber 2 is expanded; 
[0116] Further the drive signal waveform of this em- 
bodiment includes a fourth hold region £ and a second 
contraction region h, which follow the first expansion^e- 
gion f, The fourth hold region g has the width of subtan- 
tially 0. A contraction- variation quantity in the second 
contraction region^is smaller than that in the first con- 
traction region dl. With prnv/kinn nf thr^o r^g^ngjQrf- 
vents a great pulling o f the 'menis nn-c which fo jjcwsjhp 
ink^rog = ej§£|ran , and damps a vibration of the meniscus 
o ccurring the meniscus pulling . It is^referable that a 
contraction period T 3 of the seco nd ^p^ienY egion h 
is no more than .1/3.Jc ( wherein Tc is the Hehmhott fre- 
quency of the pressure generating chamber 2. A time 
period from the start of the first contraction region d^ to 
the start of the second contraction region h is preferably 
shorter than the period Tc of the Helmholtz frequency of 
the pressure generating chamber, more preferably with- 
in a range from 1 /4 to 3/4 of the period Tc. 
[0117] The drive signal waveform further includes a 
fifth-hold region] and a second expansion region], which 
are subsequent to the second contraction region h. A 
c ombination of those regions i and j damp a great vibra- 
t ion of thee meniscus surface occurring after the ink 
dr£p_eje£tjon. it is preferable that an expansion period 
T4 of the second expansion regionj is no more than 1/2 
Tc, wherein Tc is the Helmholtz frequency of the pres- 
sure generating chamber. A time period from the start 
of the first contraction regionc^jtoUiesta^ 
expansion regionjj^grefej^ 
Tc of the Helmholtz frequency of the pressure generat- 
ing chamber. 

[0118] The drive signal waveform of the embodment 
4 produces a small ink drop volume, as of the embodi- 
ment 1 . Further, it prevents a great pulling nf thg m^g- 
cus |eye| to t he Pressure, generating chamber after t he 
inkdrop ejectioa and damps a vibrai ion-oObfi meni.Q. 

[0119/ Fig. 10 sftaws a drive signal waveform config- 
ured acfcofdingio an embodiment 4 of the present in- 
vention. This waveform produces a larger ink drop vol- 
ume than that by the embodiment 3. In the waveform, 
the preparatory con t raction reg ion jdO following the pre- 
paratory hold region aO and the first hold region a1 are 
removed, and the pr paratory bold region aO is subse- 
qu ntly continuous to a preparatory xpansion region 
bl for pulling the ink meniscus to the pressure generat- 
ing chamber 2 in preparation for ink"drop ejection. The 
quantity of the meniscus pulling in the preparatory ex- 
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pansion region b1_ is smaller than in the embodiment 3, 
and after a second hold region cl, an ink drop is ejected 
by afirst contraction region d2. The subsequent ink ejec- 
tion process is similar to that in the embodiment 3. As 
shown, the first expansion region] is followed by a fourth 
hold region cj of which the voltage holding time period is 
substantially 0 and a second contraction region h of 
which the contraction-variation quantity is smaller than 
that in the first contraction region 62. 
[0120] The drive signal waveform of the embodiment 

4 produces a relatively small ink drop volume, and 
damps a great meniscus vibration occurring after the ink 
drop ejection: — % N 

[012lj Fig. Il^shows a drive signal waveform config- 
ured Wcording to an embodiment 5. 
[01 22] The waveform of this embodiment is the same 
as that of the embodiment 3 except that the fifth hold 
region j and the second expansion region j, which are 
subsequent to the second contraction region h, are omit- 
ted. 

[0123] The ink jet printhead, which uses the drive sig- 
nal waveform of the embodiment 5, ejects an ink drop 
of a relatively small drop-volume at high speed, and the 
waveform damps a great meniscus vibration occuring 
after the ink drop ejection. The number of waves con- 
tained in the drive signal waveform of the embodiment 

5 is smaller than that in the embodiment 3, and a time 
period from the start of the waveform to the end thereof 
is shorter than of the embodiment 3. However, the wave- 
form -of this embediment-ean sufficiently suppress the 
meniscus.vibralipn where ink of low viscosity is used. 
[0124r"Fig. 12 shows a drive signal waveform config- 
ured according -tcTan embodiment 6. 

[0125] The waveform of this embodiment is different 
from the embodiment 3 in that the preparatory contrac- 
tion region d0, the first hold region a the fifth hold region 
j and the second expansion region j, which follow the 
second contraction region h (= h2 in this embodiment), 
are omitted. Further, it is different from the embodiment 
in that the drive signal voltage applied to the upper and 
lower electrodes in the third hold region el is lowered. 
With this, a contraction quantity of the pressure gener- 
ating chamber 2 in the first contraction region d2 is 
smaller than that in theembodiment 3. 
[0126] In this embodiment, the maximum drive volt- 
age is set at the second intermediate voltage VM2. Be- 
cause^oJJhis 1 jhere is no need for increasing the drive 
signati^tageu^tp the highest voltage VH. 
[0127] Fig. 1 3 spows a^tt*e-64gqal waveform config- 
ure^accorcJir^^ 

[01 ZB] Tfiedrive signal wa^form of this embodiment 
is different from that of the^mbooimeDt^ in that the pre- 
paratory contraction region dO and th first hold region 
a are omitt d. Further, it is different from the embodi- 
ment 3 in that the drive signal voltage, which is applied 
to between the upper and lower electrodes in a third hold 
region e2 following a first contraction region d3, is low- 
ered, so that a quantity of an expansion of the pressure 
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g enerating, cha mrw P r.aused in a firsLexpansion^flr^ n 
f2 is smaller than that in the embodiment 3. 
[0129] The voltage held in the firth hold region j fol- 
lowing a second contraction region h3is larger than held 
5 i n the third bold region eg following a first contractio n 
r egion d3. T h erefore, the embodiment 7 more effective ly 
s uppresses the' meniscus vibration 
[0130] / Fig. 14 shows a drive signal waveform config- 
ured accor^jng4cran embodiment 8. 
to [01 31] The drive signal wavefom of this embodiment 
is different from the embodiment 3 in the following 
points. The preparatory contraction region 60, the first 
hold region a the preparatory expansion region b, and 
the second hold region c are omitted, The drive voltage 
75 that is applied to between the electrodes in a fourth hold 
regional is increased to the lourth intermediate voltage 
\/ m from the second intermediate voltage VM2 which is 
smaller value than VM4. With this, a quantity of expan- 
sion of the pressure generating chamber 2 caused in a 
20 first expansion region f3 is smaller than in the embodi- 
ment 3. 

[0132] This also changes the hold voltage of the fifth 
hold region i, which is subsequent to the second con- 
traction region h4, theuvoltage higher than the fourth in- 
2S termediate voltage A/M4,,but the voltage lower than the 
fifth intermediate voltage ( ^M5./ 
[0133] In the embodiment 8, the minimum voltage is 
set at the second intermediate voltage VM2. Because 
of this, an ink drop volume is larger than in the above- 
- 30. . mentioned embodiment,- but satellite ink drops-are ad- 
vantageously small in size. 

[0134] While some specific embodiments of the 
present invention have been described, any special lim- 
itation is not placed on the structure of an ink jet print- 
35 head to which the print head method of the invention 
may be applied. An example of the printhead structure 
that accepts the printhead drive method is such that a 
silicon substrate of piezoelectric actuators is used in 
place of the ceramic substrate, and the actuators are 
40 formed on the silicon substrate by thin film process, and 
the pressure generating chambers are formed by aniso- 
tropic etching. Also for the positions and locations of the 
nozzle orifices and the reservoirs, any special limitation 
is not placed on the ink supply structure. The printhead 
45 drive method of the invention is applicable to ink jet print- 
heads using the piezoelectric actuators of the torsional 
vibration typ^and the longitudinal vibration type, as mat- 
ter of course. 

[0135]/ Fig. 15 is a cross sectional view showing an 
50 ink jet f^Ttheadjj^mg a piezoelectric actuator of the Ion- 
grtudinal vft5raTion type. As shown, a pressure generat- 
ing chamb r 22 is form d in a spac r 21. The broad 
sides of the spacer 21 are sealingly covered with a noz- 
zl plat 24 having nozzl orifices 23 and an elastic plate 
55 25, respectively. A reservoir 27 is formed in the spacer 
21. The reservoir 27 communicates with th pressur 
generating chamber 22, through an ink supply pot 26. 
The r servoir 27 is communicatively connected to the 
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reservoir 27. 

[0136] The top nd of piezoelectric element 28 is 
abutted against the opposite side of the elastic plate 25 
to the pressure generating chamber 22. The piezoelec- 
tric element 28 has a multi-layered structure. In the s 
structure, piezoelectric members 29 and sandwiched 
between electrode members 30 and 31 are alternately 
layered in a sandwiching manner. Their inactive regions 
not contributing to vibrations are fixedly mounted on a 
fixing plate 32. The fixing plate 32, the elastic plate 25, w 
the spacer 21 and the nozzle plate 24 are coupled into 
a unitary form, with the aid of a base member 33. 
[0137] In the thus constructed ink jet printhead, volt- 
age is applied to between the electrode members 30 
and 31 of the piezoelectric element 28. Then, the pie- is 
zoelectric element 28 expands toward the nozzle plate 
24, the elastic plate 25 is displaced, and a volume of the 
pressure generating chamber 22 is reduced. With this 
structure, it the voltage is increased from 0V to about 
30V, the piezoelectric element 28 is contracted, and ink 20 
is supplied from the reservoir 27 to the pressure gener- 
ating chamber 22 by way of the ink supply pot 26. There- 
after, voltage is applied to the piezoelectric element. 
Then, the piezoelectric element 28 is expanded to cause 
the elastic plate 25 to contract the pressure generating 2s 
chamber 22 t and an ink drop is discharged through the 
nozzle orifices 23. 

[0138] Therefore, it is seen that the printhead drive 
method of the invention may be applied to the thus struc- 
tured inkjet printhead. In this case, the printhead can 30 
eject an ink drop of a relatively small volume without re- 
ducing the traveling velocity of the ink drop. 
[01 39] The illustrated and explained ink jet printhead 
is of the type in which the pressure generating chamber 
is contracted by applying voltage to the piezoelectric el- 35 
ement. It is readily seen that the printhead drive method 
of the invention is applicable to an ink jet printhead of 
the type in which the pressure generating chamber is 
expanded by applying voltage to the piezoelectric ele- 
ment. 40 
[0140] ^hls tyDe of the ink jet printhead is typically 
shown inTig. 16.jThe structure of this ink jet printhead 
is substam&Uyjbfe same as of the Fig. 1 5 printhead ex- 
cept that a piezoelectric element 28A is used in place of 
the piezoelectric element 28 in the Fig. 15 structure. In 45 
the Fig. 16 structure, electrode members 30A and 31 A 
are alternately layered such that each piezoelectric el- 
ement 28 is interposed therebetween. In operation, volt- 
age is applied to between the electrode members 30A 
and 31 A; the piezoelectric element 28A contracts; the so 
pressure generating chamber 22 expands; in this state, 
the voltag is r moved; the pressure generating cham- 
ber 22 contracts; and an ink drop is ejected through the 
nozzle orifices 23. The printhead drive method of th 
invention is applicable to th ink j t printhead thus con- ss 
structed. In this case, the voltage application st p and 
the voltage removal st p in the above-mentioned print- 
head drive method are reversed in the order of their ex- 



ecution. 

[0141] Figs. 17 to 25 show drive signal wav forms 
adaptable for the driving the thus constructed ink jet 
printhead. The waveforms illustrated in Figs. 17 to 25 
correspond to those in Fig. 4B, and Figs. 7 to 14. Like 
reference numerals are applied to indicate like wave- 
form regions, for simplicity. Differences from the already 
illustrated and described waveform regions are: voltage 
is applied in the preparatory contraction re gion dO and 
the fi rst expansion reqionj , and voltage is removed in 
the first contraction region d. The functions of those re- 
gions are substantially the same as those in the already- 
stated ones. 

[0142] As seen from the foregoing description, a 
method of driving an ink jet printhead, constructed ac- 
cording to the present invention, includes: a first con- 
tracting step for ejecting an ink drop through a nozzle 
orifice by contracting a pressure generating chamber; 
and a first expanding step for expanding the pressure 
generating chamber till a velocity of the trailing end of 
the ejected ink drop is substantially 0 at a position near 
the nozzle orifice, whereby an expansion of the pressure 
generating chamber starts before the ejection of the ink 
drop, which started in response to the contraction of the 
pressure generating chamber caused in the first con- 
traction step, is not completed, and as a result, only th 
portion of ink having been about to discharge is ejected 
in the form of in ink drop. Therefore, the printhead can 
form an ink dot table for graphic printing without de- 
creasing a traveling velocity of the ink drop and with an 
amount of th e ink drop being reduced to a minimum. Fur- 
ther, the printhead can readily produce an ink drop of a 
large volume. 

[01 43] The ink jet printhead may further include a sec- 
ond contracting step, following the first expanding step, 
for contracting the pressure generating chamber again. 
Use of the second contracting step suppresses vibra- 
tions of the ink meniscus occurring after the ink drop 
ejection in preparation for the next ink drop ejection. 
High speed and stable printing insults. 



Claims 



1. 



A method of driving an ink jet printhead (108) in 
which when one of piezoelectric vibrators (5) each 
associated with a pressure generating chamber (2, 
22), being communicatively connected to a nozzle 
orifice (13, 23) and a reservoir (11, 27), is driven so 
that said pressure generating chamber (2, 22) is ex- 
panded or contract d to eject an ink drop through 
said nozzle orifice (13, 23), said m thod compris- 
ing: 

a ccfitra^ing^step for ejectin g an ink dro p 
through said nozzle orifice (1 3, 23) by contract- 
ing said pressur generating chamber (2, 22); 
and 



21 



EP 0 947 325 A1 



22 



an expanding step for expanding said pressure 
generating chamber (2, 22) until a velocity of a 
trailing end of the ejected ink drop is substan- 
tially 0 at a position near said nozzle orifice (1 3, 
23). 5 

A method of driving an ink jet printhead (108) ac- 
cording to claim 1, in which an expansion of said 
pressure generating chamber (2, 22) in said ex- 
panding step following to said contracting step 10 
starts after a time point where the meniscus of ink 
in said nozzle orifice {13, 23) starts to be deformed 
to form the leading edge of an ink drop to be ejected 
through said nozzle orifice (13, 23). 

15 

A method of driving an ink jet printhead (108) ac- 
cording to claim 1 or 2, in whi ch an expansion perio d 
of said exp anding step is no more than 1/4 T c, 
wherein Tc is the Helmho lt z frequencyof said pre s- 
sure gen erating chambe r (2, 22). 20 

A method of driving an ink jet printhead (108) in 
which when one of piezoelectric vibrators (5) each 
associated with a pressure generating chamber (2, 
22) , being communicatively connected to a nozzle 2s 
orifice (13, 23) and a reservoir (11, 27), is driven so 
that said pressure generating chamber (2, 22) is ex- 
panded or contracted to eject an ink drop though 
said nozzle orifice (13, 23). said method compris- 
ing: . . „ 30.. 

a contracting step for ejecting an ink drop 
though said nozzle orifice (13, 23) by contract- 
ing said pressure generating chamber (2, 22); 
and 35 

an expanding step for expanding said pressure 
generating chamber (2, 22) at such a timing as 
to reduce a volume of an ink drop to be ejected 
for a period of not more than 1 /4 Tc, wherein Tc 40 
is the Helmholtz frequency of said pressure 
generating chamber (2, 22). 

A method of driving an ink jet printhead (108) in 
which when one of piezoelectric vibrators (5) each *s 
associated with a pressure generating chamber (2, 
22), being communicatively connected to a nozzle 
orifice (1 3, 23) and a reservoir (1 1 , 27), is driven so 
that said pressure generating chamber (2, 22) is ex- 
panded or contracted to eject an ink drop through so 
said nozzle orifice (13, 23), said method compris- 
ing: 



said pressure generating chamber (2, 22) for a 
period of not more than 1/3 Tc, wherein Tc is 
the Helmholtz frequency of said pressure gen- 
erating chamber (2, 22); and 

an expanding step for expanding said pressure 
generating chamber (2, 22) for a period of not 
more than 1/4 Tc. 

6. A method of driving an ink jet printhead (108) ac- 
cording to claim 5, in which said holding time period 
of said hold step is no more than 3 microseconds. 

7. A method of driving an ink jet printhead (108) ac- 
cording to claim 5, in which said holding time period 
of said hold step is no more than 1 microsecond. 

8. A method of driving an ink jet printhead (108) ac- 
cording to any one of the claims 1 to 7, further com- 
prising a preparatory step, followed by said contrac- 
tion step, for preparing the ejection of an ink drop 
by expanding said pressure generating chamber. 

9. A method of driving an ink jet printhead (108) ac- 
cording to any one of the claims 1 to 8, in which an 
expanding rate in said expanding step is larger than 
a contracting rate in said contracting step. 

10. A method of driving an ink jet printhead (108) ac- 
- cording to any.one-oUhe claims 1to 9 T in which an 

expansion-variation quantity in said expanding step 
is smaller than a contraction-variation quantity in 
said contracting step. 

11. A method of driving an ink jet printhead (108) ac- 
cording to any one of the claims 1 to 3, wherein the 
contracting step is a first contracting step and the 
expanding step is a first expanding step, said meth- 
od further comprising: 

a second contracting step for contracting said 
pressure generating chamber (2, 22) so as to 
reduce a retraction of the ink meniscus occur- 
ring after said expanding step is executed. 

12. A method of driving an ink jet printhead (108) ac- 
cording to claim 4, said method further comprising: 

a second contracting step for contracting said 
pressure generating chamber (2, 22) so as to 
reduce a retraction of the ink meniscus occur- 
ring after said xpanding step is executed. 



a contracting step for ejecting an ink drop 
though said nozzl orifice (13, 23) by contract- 55 
ing said pressure generating chamber (2, 22); 

a hold step for holding the contraction state of 



13. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 1 to 1 further comprising 
a hold step, following to said contracting step, for 
holding th contraction state of said pressure gen- 
erating chamber (2, 22) for a period of not more than 
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1/3 Tc, wherein Tc is the Helmholtz frequency of 
said pressure generating chamber (2, 22). 

14. A method of driving an ink jet printhead (108) ac- 
cording to claim 5, wherein the contracting step is 
a first contracting step and the expanding step is a 
first expanding step, a period of not more than 1/4 
Tc, wherein Tc is the Helmholtz frequency of said 
pressure generating chamber, and said method fur- 
ther comprising: 

a second contracting step for contracting said 
pressure generating chamber (2, 22) so as to 
reduce a retraction of the ink meniscus occur- 
ring after said expanding step is executed. 

15. A method of driving an ink jet printhead (108) ac- 
cording to any ol claims 11 to 1 4, further comprising 
a second expanding step, following to said first ex- 
panding step, for expanding said pressure generat- 
ing chamber (2, 22) so as to suppress vibrations of 
the meniscus after the ink drop ejection. 

16. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 15, further comprising 
a preparatory step, followed by said first contraction 
step, for preparing the ejection of an ink drop by ex- 
panding said pressure generating chamber (2, 22). 

17. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 16, in which said sec- 
ond contracting step starts during a time period 
ranging from a time point where the ink meniscus 
starts to retract after the leading edge of an ink drop 
departs from said nozzle orifice (13, 23) to a time 
point where the meniscus retracts to its full dis- 
tance. 

18. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 17, in which a time 
period ranging from the start of said'first contracting 
step to the start of said second contracting step is 
no more than the period Tc of the Helmholtz fre- 
quency of said pressure generating chamber (2, 
22). 

19. A method of driving an ink jet printhead (108) ac- 
cording lo any of claims 11 to 18, in which a time 
period ranging from the start of said first contracting 
step to the start of said second contracting step is 
within a range from 1/4 Tc to 3/4 Tc, wherein Tc is 
the Helmholtz frequency of said pressure generat- 
ing chamber (2, 22). 

20. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 19, in which each of 
the contraction periods of said pressure gen rating 
chamber (2, 22) in said first and second contracting 



steps is no more than 1/2 Tc, wherein Tc is the Helm- 
holtz frequency of said pressure generating cham- 
ber (2. 22). 

5 21. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 1 1 to 20, in which the con- 
traction period of said pressure generating chamber 
(2, 22) in said second contracting step is no more 
than 1/3 Tc, wherein Tc is the Helmholtz frequency 

10 of said pressure generating chamber (2, 22). 

22. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 21, in which a time 
period ranging from the start of said first contracting 

15 step to the start of said second expanding step is 
no more than Tc of the Helmholtz frequency of said 
pressure generating chamber (2, 22). 

23. A method of driving an ink jet printhead (108) ac- 
20 cording to any of claims 11 to 22, in which the ex- 
pansion period of said pressure generating cham- 
ber (2, 22) in said second expanding step is no more 
than 1/2 Tc of the Helmholtz frequency of said pres- 
sure generating chamber (2, 22). 

25 

24. A method of driving an ink jet printhead (108) ac- 
cording to any of claims 11 to 23, in which a time 
period from application of a drive signal in said first 
contracting step to application of the drive signal in 

30 said second expanding step is no more than Tc of 
the Helmholtz frequency of said pressure generat- 
ing chamber (2, 22). 
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FIG. 2 
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FIG. 4 (a) 
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